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N 断面的温度、盐度、溶解氧的垂向分布均匀，底层溶解氧浓度值普遍大于 8 
mg/L。长江口东南角水下河谷区域溶解氧的低值区，主要是由冬季台湾暖流北
上入侵带来的。春季，长江口外出现明显的盐度跃层和较弱的温度跃层，底层溶
解氧的浓度值普遍降低，其范围在 5-8 mg/L。夏季 123oE 附近的温盐跃层与春季
相比进一步增强，长江口外出现大范围的缺氧区。秋季长江口外水下河谷区域温
































































In recent decades, the eutrophication of water body driven by excess nutrient and 
organic pollutants loads from lands due to human activities is increasing year by year, 
which leads to an enhancement of hypoxic zone. The formation of hypoxia adjacent to 
the Yangtze Estuary is a complex process, which is the result of both physical and 
biochemical processes. Physical process controls the level and vertical transport of 
dissolved oxygen, and biochemical processes control the generation and consumption 
of dissolved oxygen.  
Currently, many scholars have studied the phenomenon of hypoxia off the 
Changjiang Estuary, but the study is mainly confined to the qualitative observation. In 
this paper, In order to better understand the formation mechanism of hypoxia off the 
Changjiang Estuary, a three-dimensional hydrodynamic model (Regional Ocean 
Model System, ROMS) coupled nitrogen cycle model were used to simulate 
ecosystem of the East China Sea. In comparison with the observation data, the model 
results can reasonably capture the physical and biochemical dynamics off Changjiang 
Estuary, include the flow field, temperature, salinity, chlorophyll, dissolved oxygen, 
nutrients and other variables. Then, the seasonal distribution characteristics and 
influecncing factors of dissolved oxygen are analyzed, and the effect of Typhoon on 
the process of the hypoxia off the Changjiang Estuary is also discussed. In addition, 
the sensitive experiments are also used to examine the role of physical forcing (river 
discharge, wind speed, wind direction) in controlling hypoxia in waters adjacent to the 
Yangtze Estuary. The main results are as follows: 
The distribution of dissolved oxygen (DO) in the bottom water off Changjiang 
Estuary had obvious seasonal characters. In winter, the water mixing is strong, and the 
vertical distributions of temperature, salinity and dissolved oxygen along the 31
o
N 
section are homogeneous. Water with DO <8 mg/L from the TWC occupied the 
trough off the Changjiang estuary, while >8 mg/L coastal water occupied the coastal 
areas as well as the middle shelf of the northern East China Sea. In spring, there were 
a strong halocline, a weak thermocline and lower dissolved oxygen in the bottom 
water off Changjiang estuary. And its range is in 5-8 mg/L. In summer, the halocline 
and thermocline near the 123
o















large range of hypoxic zone adjacent to the Changjiang Estuary was appeared. In 
autumn, the vertical distribution of temperature, salinity are nearly uniform inside the 
deep trough. The phenomenon of hypoxia is disappeared, and the concentration of 
dissolved oxygen in the bottom water increase, which value rang is 5-8 mg/L. 
Typhoon can enhance the vertical mixing of water, and promote the vertical 
exchange of dissolved oxygen, which will lead to break the formation of hypoxia. On 
the other hand, strong wind processes during Typhon can trigger strong vertical 
mixing and upwelling, which supplied large amounts of nutrients to upper euphotic 
layers from the bottom, promoting phytoplankton blooms. The high DO consumption 
was the result of the decomposition of large dead phytoplankton, which make the 
second hypoxia more serious.  
The generation and dissipation process of the hypoxic zone and seasonal 
variation are a result of the synergistic effects of physical and biochemical factors. 
The stratification of water body and organic decomposition are the important external 
and critical internal factors promoting the development of the hypoxic zone. The 
bottom topography may play a important role in the processes of the development of 
hypoxia off the Changjiang estuary. The underwater valley isolates the bottom water 
inside the trough from exchange with surrounding oxygen-rich waters through 
advection, making the bottom water inside the trough to be rather stable. And on the 
other hand, the underwater valley is conducive to the convergence of particulate 
organic matter at this area. Upwelling as an important dynamic factor off Changjiang 
estuary has a significant effect on generation of the hypoxic zone. The upwelling can 
provide abundant nutrients for the surface phytoplankton, and it can promote the 
formation of the bottom hypoxic zone under the impact of stratification. 
The river discharge experiments show that the seasonal cycle of hypoxia is 
relatively insensitive to the temporal variability in river discharge. But the integrated 
hypoxic area is very sensitive to the magnitude of river discharge. When the runoff is 
doubled, the hypoxic areas increase by 92%. In contrast, when the runoff is reduced 
by half, the hypoxic areas decrease by 55%. 
Model simulations demonstrate that wind speed and wind direction not only play 
an important role in the seasonal cycle of hypoxia, but also in the integrated the 















nearly disappeared as the result of the strong water mixing induced by strong, 
northerly winds. While persistently weak winds from August enhance stratification 
and facilitate hypoxia development. Increasing wind speed weaken stratification, 
hence decrease the hypoxic area, while decreasing wind speed does the opposite. 
Among the directions runs, the integrated hypoxic area is greatest when the summer 
wind come from the west (W + 90
o
), which is enhanced by nearly 20%. When the 
summer wind directions from the north (W180
o
), the integrated hypoxic area off 
Yangtze Estuary is minimum. The integrated hypoxic areas reduce by nearly 10% 















































断上升趋势[1]。当水体中溶解氧（DO）的浓度小于 2 mg/L 时，海底拖曳将无法
捕捉到通常出现在海底的鱼虾种群，海洋中大部分水生生物将无法存活，因此以
2 mg/L 作为缺氧的阈值[2, 3]。但同时有研究指出，鱼类和贝类等种群在 3 mg/L 溶
解氧的水体中就会面临死亡，因此也有研究将缺氧的阈值定义为 3 mg/L[4, 5]。除
非特别说明，本研究将 2 mg/L 的溶解氧浓度定义为缺氧阈值，即当海洋中溶解
氧浓度低于 2 mg/L 时，海洋出现缺氧现象。 
水体底层缺氧现象对河口、近海海域环境造成严重危害。首先，海洋中绝大








































































出现在 2002 年，面积高达 22000 km2。Conley 等发现波罗的海最早出现缺氧区









长江口外存在一处面积高达 13700 km2 的缺氧区域，氧亏损总量高达 1.59×106 
t
[25]。王保栋等人研究发现，在 1950 年，长江口外发生夏季缺氧事件的概率为
60%，而到了 1990 年后缺氧事件发生概率达到 90%，并且缺氧面积大于 5000 km2





底层溶解氧浓度值为 3.09 mg/L 和 1.21 mg/L，在广州附近水域底层溶解氧最低值
分别为 0.48 mg/L 和 0.21 mg/L[28]。Helly J.J.等人研究了近岸海域缺氧区的全球分
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